12,700 DESONIE AND DUNCAN: Tim COBB-EICKELBERG SEAMOUNT CHAIN COBB-EICKEI•ERG SEAMOUNT COMPOSITIONS

Analytical Procedures
Major and some trace element analyses for dredged basalts were determined from pressed powder pellets by X-ray fluoresence spectroscopy [Hooper, 1981] . Rare-earth element (REE) and Sc concentrations were determined from instrumental neutron activation analysis (INAA) [Laul, 1979] 
Major and Trace Elements
The older Pacific plate CES lavas (Cobb through Eickelberg seamounts) show a narrow range of variation with respect to many chemical parameters, often smaller than previously analyzed samples from the JDFR (Table 2) [Liias, 1986; Karsten, 1988 (Table 2 ). In some chemical parameters (i.e., Zr/Nb, Zr/Y, P20 s, and K20 ) CES lavas resemble the Endeavour segment basalts, which are enriched relative to segments 1-3 of the JDFR (Table 3) [Liias, 1986; Karsten, 1988] . However, on the average CES basalts are enriched in St, Zr, and P205 but are depleted in Nb and have higher Zr/Nb and (La/Sm)N relative to Endcavour segment lavas (Table 3) SOAr was present for analysis by n0Ar_39Ar incremental heating in experiments. Basalt samples were crushed and sieved to obtain Eickelberg seamount. Therefore, we have used the oldest the 0.5 and 1.0 mm size fraction, then washed ultrasonically in sample from each seamount where more than one sample was distilled water. For '*0Ar-ZgAr total fusion experiments, analyzed as an estimate of the time when the volcano was samples were irradiated for 6-10 hours in the core of the located directly over the hotspot. Replicate analyses for Oregon State University TRIGA reactor, where they received a Eickelberg sample DH02A were averaged. Oldest seamount neutron flux of 0.6-1.0 x 1017 nvt. Isotopes of argon were ages were used in a least-squares linear regression to determine measured on an AEI MS-10S mass spectrometer, after sample an average rate of plate motion over the hotspot of 43 + 3 fusion via radio frequency induction heating and gas km/Ma. A least-squares regression of all Pacific plate CES purification; potassium contents were determined by atomic including all three Eickelberg points gives a rate of plate absorption spectrophotometry. Analytical data and age motion over the hotspot of 47 + 3 km/Ma. Ages from Union calculations from the 'mAr-a9Ar and K-Ar experiments are given and Explorer seamounts were not included in the regression, [Pollitz, 1988] , which it to be the Endearour ridge segment (Table 4) . applies for the period 0-9 Ma. New age data from the CES, as 2. There is a northwesterly increase in the difference in the well as the Pratt-Welker seamounts [Dalrymple et al., 1987] , age of the seamounts and the crust on which they formed. Samoa [McDougall, 1985] , and the Louisville seamount chain Axial seamount is currently forming on the ridge on zero-age [Watts et al., 1988 ] support the idea of rigid Pacific plate crust but Eickelberg seamount formed on crust that was 2-3 Ma. motion over a fixed constellation of hotspots (Figure 12 ). In most respects, CES lavas are transitional between basalts characteristic of hotspots and those of segments 1-3 of the JDFR; they are similar to those of the Endeavour segment. Compositional variability among CES basalts probably usually distinguish hotspot from spreading ridge lavas, the CES basalts cannot be separated from MORB compositions. Although it is possible that a large passive upper mantle melting anomaly could account for the increased volume and duration of volcanism at Cobb hotspot, we believe that a melting anomaly that has been fixed with respect to the hotspot reference frame for at least 9 m.y. must be rooted below the asthenosphere. A melting anomaly, of the type responsible for volcanism at small near-ridge seamount chains, would be swept along with upper mantle flow over the time scale required. Therefore, we believe that Cobb hotspot has been maintained by a mantle plume during the CES formation. Also, near-ridge seamount basalts in the Juan de Fuca region, i.e. Heck, Heckle and Springfield [Karsten, 1988] , are more depleted in alkali and incompatible elements at a given MgO content than the spreading ridge basalts, in contrast with the CES lavas. Compositionally buoyant mantle plume and a migrating spreading ridge. Compositional buoyancy occurs when plume flow is driven by intrinsic density differences between the diapir and its surroundings [Griffiths, 1986a] . Chemical diffusion proceeds extremely slowly so that compositional diapirs maintain their chemical identity relative to the upper mantle material through which they rise [Griffiths, 1986a] .
A compositional plume that has moderately enriched trace element contents but a nonradiogenic isotopic character could originate in several ways. For example, the MORB-like isotopic composition of all seamounts of the northeastern Pacific may reflect a broad regional difference in mantle composition from the equatorial oceanic regions where Dupal hotspots are found [Hart, 1984] . Hart [1988] , who noticed a poleward trend toward less radiogenic isotopic compositions in hotspot-associated basalts, termed the regional isotopic homogeneity of the northeastern Pacific the anti-Dupal anomaly. He proposed that the lower mantle which feeds plumes may be compositionally variable on a very long lengthscale (10 '• kin) and some regions may be isotopically Thermally buoyant plume and a migrating spreading ridge. Formation of a plume that has MORB isotopic characteristics might result from thermal entrainment of MORB upper mantle by a plume of lower mantle composition. Thermally buoyant plumes are driven entirely by viscosity and density differences created by a temperature gradient across a thermal boundary layer [Griffiths, 1986a] . Diffusion of heat from such thermal diapirs warms the surrounding mantle and lowers its density sufficiently for the plume to entrain its initially cooler surroundings but conserve its total heat content, buoyancy, and driving force. The thermal plume will be a mixture of the diapiric material and surrounding material entrained toward its center [Griffiths, 1986a] . Recently, Geist et al. [1988] have argued that the unusual isotopic structure of the Galapagos archipelago, in which Sr isotopic ratios decrease toward the center of the hotspot, may result from the thermal entraimment process proposed by Griffiths [ 1986a, b] .
Thermal entrainment can also occur in a continuous plume which is deflected by mantle shear flow beneath a spreading ridge [Richards, 1988] . In this case, as well as for discrete diapirs, the most MORB-like magmas are to be expected from the center of the plume. Therefore, the isotopic composition of erupted magmas may be an important distinction between chemical and thermal plumes, regardless of possible smallscale heterogeneity and variable source. A large volume of entrained material implies a sharply reduced temperature contrast between plume and normal manfie.
In reality plumes may occur from a combination of thermal and compositional instabilities, but one effect may dominate. The hotspot that produced the Louisville seamount chain (LSC) may have been supplied by a largely compositional plume. Like many hotspot tracks, the LSC has an associated topographic swell, in this case several hundreds of meters high, and a volcanic eruption rate of 3-4000 km3/Ma from 70 Ma until 20 Ma, when it waned sharply [Lonsdale, 1988] In contrast, the more intermittent and consistently MORBlike melts from Cobb hotspot perhaps manifest a thermal plume. Such a plume may rise through and entrain the MORBlike upper mantle, supplying the melting anomaly at the base of the lithosphere. To produce the observed isotopic compositions, we would expect the proportion of MORBcomponent to be large. If a large amount of the final plume volume is entrained material, the plume might be broad but would be thermally dilute (cooled); thus, resulting volcanism might be volumetrically small compared with that of other hotspots. Furthermore, thermal entrainment increases strongly with decreasing thermal plume Rayleigh number [Griffiths, 1986b] . Plumes that start off weaker (smaller diameter and lower temperature contrast) suffer stronger entrainment. This is consistent with a relatively "weak" 
